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The nontrivial topology of p-wave superfluids make these systems attractive candidate in information tech-
nology. In this work we report on the topological state of a p-wave nonequilibrium excitonic insulator (NEQ-EI)
and show how to steer a nontopological band-insulator with bright p-excitons toward this state by a suitable laser
pulse, thus achieving a dynamical topological phase transition. The underlying mechanism behind the transition
is the broken gauge-symmetry of the NEQ-EI which causes self-sustained persistent oscillations of the excitonic
condensate and hence a Floquet topological state for high enough exciton densities. We show the formation of
Floquet Majorana modes at the boundaries of the open system and discuss topological spectral signatures for
ARPES experiments. We emphasize that the topological properties of a p-wave NEQ-EI arise exclusively from
the electron-hole Coulomb interaction as the system is not driven by external fields.
A quantum system with nontrivial bulk topological prop-
erties admits localized single-particle states at the system
edges [1–3]. Existence of well-defined quasi-particles is of
course a prerequisite for the bulk–edge correspondence to
have physical relevance. In fact, most topological invariants
are constructed from a quasi-particle hamiltonian which is
treated either as “non-interacting”, i.e., independent of the
charge distribution, or at a “mean-field” level. Mean-field
hamiltonians introduce an appealing twist in the topological
characterization since, at fixed external potentials, they de-
pend on the (self-consistent) charge distribution of the station-
ary state. Thus, in principle, a quantum system can change its
topological properties upon a transition from an excited state
to another. Furthermore, the possibility of self-sustained, i.e.,
not driven by external fields, oscillatory solutions extends the
class of topological invariants to the Floquet realm [4–7].
Non-equilibrium (NEQ) excitonic insulators (EI) are ex-
cited states of band-insulator (BI) mean-field hamiltonians
giving rise to a self-sustained oscillating order parameter, i.e.,
the excitonic condensate (EC) [8–18]. In this Letter we show
that a p-wave NEQ-EI undergoes a topological transition with
increasing the EC density, leading to the formation of Flo-
quet Majorana edge modes [19]. We further demonstrate
that the Floquet topological p-wave NEQ-EI can be built up
in real time by laser pulses of finite duration provided that
p-excitons exist and are optically active. As the initial BI
ground-state has vanishing EC density and trivial topology
the system experiences a dynamical phase transition (from BI
to non-topological NEQ-EI) followed by a topological one.
The density of topological defects predicted by the Kibble-
Zurek mechanism [20, 21] for external drivings of finite du-
ration [22–27] can indeed be made sufficiently small to pre-
serve the topological character of the final state. Unique spec-
tral signatures for experimental ARPES investigations are also
discussed. In particular, at the topological transition point the
spectrum becomes gapless and the p-wave NEQ-EI turns into
a Dirac semimetal.
Nonvanishing topological invariants [1, 3] and existence of
Majorana edge modes [28] in quantum matter with a p-wave
symmetry–broken ground state have been recently reported
for superconductors [29–32], superfluids of ultracold atomic
gases [33], insulators [2] and excitonic insulators [34, 35]. In
nonequilibrium and nondriven conditions, however, a nontriv-
ial topology has so far been found only in the mean-field Flo-
quet hamiltonian of a p-wave superfluid [36].
The simplest description of a NEQ-EI is provided by a
spinless one-dimensional hamiltonian with a single valence
and conduction bands separated by a direct gap of magnitude
g [18]:
Hˆ =
∑
αj
(−)α[V ψˆ†αjψˆαj+1−(2V+g/2)nˆαj ]+
∑
ij
Uij nˆvinˆcj ,
(1)
where ψˆvj (ψˆcj) annihilates a valence (conduction) electron in
the j-th cell, nˆαj ≡ ψˆ†αjψˆαj and (−)α = 1,−1 for α = v, c
(the hopping integral V is chosen positive). The hamilto-
nian is invariant under the “local” gauge symmetry ψˆαj →
eiθα ψˆαj associated to the commutation relation [Hˆ, Nˆα] = 0,
with Nˆα =
∑
j nˆαj . For large enough Uij the ground state is
a BI with a filled (empty) valence (conduction) band. Charge
neutral excited states with Nc = 1 can be calculated by solv-
ing the Bethe-Salpeter equation (BSE). For short-range inter-
actions, e.g., Uij = δijU , the BSE admits only one discrete
solution corresponding to an s-wave (even) exciton [18]. A
Rydberg-like series, and hence p-wave (odd) excitons, appears
with long-range interactions such as the soft-Coulomb one:
Uij = U/
√|i− j|2 + 1. Henceforth we express all energies
in units of g and choose U = 2V = 1. Then, the BSE
admits multiple excitonic solutions, the two lowest having en-
ergy sx = 0.40 (s-wave) and 
p
x = 0.82 (p-wave) above the
valence band maximum. Charge-neutral excited states with
a finite density in the conduction band will be treated in the
mean-field approximation.
The lowest-energy excited state of Hˆ with a finite density
of conduction electrons and valence holes equals the ground
state of the NEQ gran-canonical Hamiltonian HˆNEQ−GC ≡
Hˆ − µvNˆv − µcNˆc, where µα is the chemical potential
for electrons in band α. Charge neutrality is guaranteed by
µv = −µc = −δµ/2 since Hˆ is particle-hole symmetric (the
BI ground state is recovered for δµ = 0). Exploiting the trans-
lational invariance, the mean-field equations for HˆNEQ−GC
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FIG. 1: Winding number W as a function of δµ (dashed line). In the
inset we show the path of the vector ~dk in the nontopological phase
for δµ = 0.96 < g (left panel) and in the topological phase for
δµ = 1.04 > g . All energies are in units of g and the function ∆k
is determined self-consistently for each δµ.
can be written as [37]( −k + δµ/2 ∆k
∆k k − δµ/2
)(
ϕξvk
ϕξck
)
= ξek
(
ϕξvk
ϕξck
)
,
(2)
where k = [2V (1 − cos(k)) + g/2], k ∈ (−pi, pi) is the
quasimomentum, ξ = ± labels the two eigensolutions and
∆k = −
∑
q U˜k−qbq is the excitonic order parameter, U˜k be-
ing the Fourier transform of Uij and bq ≡ ϕ−cqϕ−∗vq the EC
density. Only states of the minus branch are occupied since
ek =
√
(εk − δµ/2)2 + ∆2k ≥ 0. Equation (2) has to be
solved self-consistently and ∆k 6= 0 implies a symmetry-
broken NEQ-EI state. The system remains a BI (∆k = 0)
for δµ < sx, as it should be [15, 18]. A unique solu-
tion ∆k = ∆−k (even in k) exists for sx < δµ < 
p
x (s-
wave NEQ-EI). For δµ > px we can find a solution ∆k =
∆sk + ∆
p
k with ∆
s
k (∆
p
k) even (odd) in k for any fixed angle
θ = arctan(∆spi/∆
p
pi) ∈ (0, 2pi). The p-wave NEQ-EI state
is realized when θ = 0 and hence ∆k = −∆−k. Below we
show that this state can be generated by suitable laser pulses
provided that the p-wave (s-wave) exciton is bright (dark).
Independently of the symmetry the NEQ-EI state evolves
according to the time-dependent mean-field equations
i ddtϕ
ξ
k(t) = h
MF
k (t)ϕ
ξ
k(t) where
hMFk (t) =
( −k ∆k(t)
∆∗k(t) k
)
(3)
is the physical mean-field Hamiltonian. The excitonic order
parameter ∆k(t) =
∑
q U˜k−qϕ
−
cq(t)ϕ
−∗
vq (t) acquires a depen-
dence on time through the wavefunctions. In Ref. [18] we
have shown that this dependence is monochromatic and given
by
∆k(t) = ∆ke
iδµt. (4)
Thus, the mean-field hamiltonian supports self-sustained
Josephson-like oscillations driven by the broken gauge sym-
metry. We then construct the Floquet hamiltonian hFloqk from
 µ
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FIG. 2: Square modulus of the valence component of the eigenfunc-
tions of the mean-field NEQ gran-canonical Hamiltonian with eigen-
value emax. For δµ < g the eigenvalue emax is strictly negative
and nondegenerate. For δµ > g the eigenvalue emax = 0 and the
degeneracy is two. The corresponding eigenfunctions are Majorana
modes. Energies are in units of g .
T e−i
∫ T
0
dt hMFk (t) = e−ih
Floq
k T , where T is the time-ordered
operator and T = 2pi/δµ, and look for nonvanishing Floquet
topological invariants. Since hMFk (t) is a 2 × 2 monochro-
matic and hermitian matrix the Floquet hamiltonian can easily
be calculated [38]
hFloqk =
( −k ∆k
∆k k − δµ
)
= −δµ
2
1+ ek ~n(k) · ~σ (5)
where σx,y,z are the Pauli matrices and ~n(k) =
{nx(k), ny(k), nz(k)} = {∆k/ek, 0, (δµ/2−k)/ek}. Inter-
estingly, hFloqk coincides with the NEQ gran-canonical mean-
field hamiltonian in Eq. (2) up to a constant diagonal shift.
The winding number [39–41]
W =
1
2pi
∫ pi
−pi
dΘk , Θk = arctan
nz(k)
nx(k)
. (6)
measures the number of windings of the unit vector ~dk =
{nx(k), nz(k)} as k crosses the first Brillouin zone. W is
a positive or negative integer in the topological phase and it is
otherwise zero. It is immediate to realize that W = 0 for any
even ∆k. If, instead, ∆k is an odd function thenW = ±1 pro-
vided that δµ > g , see Fig. 1. Thus a topological transition
occurs in a p-wave NEQ-EI as δµ, and hence the average EC
density b = 1N
∑
q bq (withN the number of cells), exceeds a
critical value. In Fig. 1 we also show the path of ~dk resulting
from the self-consistent solution of Eq. (2). The difference in
chemical potentials is δµ = 0.96 (left panel) and δµ = 1.04
(right panel).
According to the bulk-edge correspondence, a number |W |
of topologically protected Floquet Majorana modes should
form at each open boundary [40]. As the the Floquet hamil-
tonian in Eq. (5) coincides with the mean-field NEQ gran-
canonical hamiltonian in Eq. (2) we consider HˆNEQ−GC on
an open wire ofN = 100 cells and solve the mean-field equa-
tions in the site basis. The spectrum is symmetric around zero
3energy with positive and negative eigenvalues e+λ = −e−λ ≥
0. For δµ < g the maximum energy emax = maxλ{e−λ }
is strictly negative and the eigenfunctions ϕ±max of energies
±emax are delocalized along the wire. In Fig. 2 we plot the
valence probability |ϕ+max,vj |2 versus site j (the conduction
probability |ϕ−max,cj |2 is identical). A sharp transition occurs
for δµ > g since the spectrum is almost the same as for
δµ < g except for two degenerate eigenvalues appearing at
zero energy. The corresponding eigenfunctions can be cho-
sen to satisfy ϕMvj = ±ϕM∗cj , i.e., they are Majorana modes,
and their valence components are plot in Fig. 2. The Majo-
rana modes are correctly localized at the system boundaries
and the degree of localization increases as δµ moves deeper
inside the topological phase.
The topological transition in a (bulk) p-wave NEQ-EI leave
unique fingerprints on the ARPES spectrum The spectral
function Ak(ω) is the sum of a removal (<) and addition (>)
contribution, Ak(ω) = A<k (ω) +A
>
k (ω) with
A
≷
k (ω) = |ϕ±vk|2δ(ω ∓ ek +
δµ
2
) + |ϕ±ck|2δ(ω ∓ ek −
δµ
2
).
(7)
In Fig. 3 we show how Ak(ω) changes from the equilibrium
(panel a) to the symmetry-broken (panel b) and topological
phase (panels c-d). As δµ overcomes px = 0.82 the system
becomes a nontopological NEQ-EI and an excitonic structure
appears inside the gap (panel b) [18, 42]. For δµ = 0.9 < g
the conduction density is nc = 1N
∑
k |ϕ−ck|2 = 0.03 and
the averaged order parameter ∆ ≡ 2N
∑
0<k<pi ∆k = 0.04
(with N the number of cells). The removal (blue) compo-
nent of the excitonic structure is separated from the bottom of
the conduction band (red) by a small gap, consistently with
the insulating character of the state (see inset of Fig. 3 b). In
contrast with the s-wave NEQ-EI [18, 43], however, the ex-
citonic structure has a vanishing spectral weight around the
Γ-point since nck = |ϕ−ck|2 vanishes at k = 0 in the nontopo-
logical phase (see also the dashed line in Fig. 4 d). At the
topological critical point (δµ = g) we find nc = 0.07 and
∆ = 0.06 (both larger than for δµ = 0.9). Despite ∆ 6= 0
the gap closes (see inset of Fig. 3 c) and the dispersion of the
excitonic structure around the Γ-point becomes, see Eq. (7),
Ek =
δµ
2 − ek ≈ δµ2 − γ|k| where we have approximated
∆k ≈ γk (see also the dashed line in Fig. 4 c and Fig. 5 c).
Thus, the system becomes a Dirac semimetal. The transition
point is also characterized by a discontinuity in nck=0 which
varies abruptly from 0 (δµ < g) to 1 (δµ > g). In the topo-
logical phase δµ = 1.1 > g both nc = 0.11 and ∆ = 0.08
increase and the gap re-opens, see Fig. 3 d. Noteworthy, the
spectral weight of the excitonic structurelorentzians is now
largest at the Γ-point due to the aforementioned discontinu-
ity in nck=0.
The remaining issue to be addressed is whether and how
the topological p-wave NEQ-EI state can be prepared. We an-
swer affirmatively provided that the p-exciton is much brighter
than the s-exciton. We consider the system initially in the BI
equilibrium
phase transition topological W=1
CBM
VBM
gapful
gapless gapful
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FIG. 3: Contour plot of the spectral function Ak(ω) for different
values of δµ. The red (blue) color refers to the removal contribu-
tion A<k (ω) (addition contribution A
>
k (ω)). The delta functions in
Eq. (7) have been approximated by lorentzians of width η = 0.05.
The insets show a magnification of the spectral region around the
conduction band maximum at g/2. All energies are in units of g .
ground state and drive it out of equilibrium by a laser pulse
Hˆlaser(t) = E(t)
∑
k
Dk(ψˆ
†
ckψˆvk + ψˆ
†
vkψˆck), (8)
where Dk is the valence-conduction dipole moment. The
electric field E(t) is a pulse of finite duration TP centered
around frequency ωP :
E(t) = θ(1− |1− 2t/TP |)EP sin2( pit
TP
) sin(ωP t). (9)
To enhance absorption by the p-exciton we take Dk odd in
k. First we generate the p-wave NEQ-EI in the nontopologi-
cal phase by tuning the Rabi frequency ΩP ≡ EPD and the
central frequency ωP in the range (px, g). In Fig. 4 we show
the outcome of a real-time mean-field simulation performed
with the CHEERS code [44] using Dk = D sin(k) and opti-
mal laser parameters TP = 200, ΩP = 0.02 and ωP = 0.85
(times in units of 1/g). At the end of the pulse the system
has steady-state occupations nssck giving a density nc = 0.03
(panel a) and an averaged order parameter oscillating in time
as ∆(t) = ∆sseiδµ
sst with steady-state amplitude ∆ss = 0.02
and δµss = 0.907 (panel b). This oscillatory behavior is ac-
tually found for each k, i.e. ∆k(t) = ∆ssk e
iδµsst (not shown).
We mention that the self-sustained oscillations (persistent at
the mean-field level) survive for long time when numerically
exact propagation schemes are used [45]. In Fig. 4 c-d we
compare ∆k and nck obtained from the self-consistent so-
lution of Eq. (2) at δµ = δµss < g against ∆ssk and n
ss
ck
obtained from the real-time simulation. The agreement is re-
markably good, thereby proving that a dynamical phase tran-
sition from a BI to a nontopological p-wave NEQ-EI can be
induced by properly choosing the laser pulse.
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FIG. 4: Time evolution of the conduction density nc (panel a) and the
real part of the averaged order parameter ∆ (panel b) induced by the
laser pulse in Eq. (9) with ΩP = 0.02, ωP = 0.85 and TP = 200.
Comparison of ∆ssk and n
ss
ck (panels c-d) extracted from the real-
time simulation (solid red lines) with the self-consistent ∆k and nck
obtained from Eq. (2) with δµ = δµss = 0.907 (dashed black lines).
Energies are in units of g , and times in units of 1/g .
Less obvious is the possibility of driving the BI toward a
topological p-wave NEQ-EI. The BI ground state has W = 0
and hence the system should experience a dynamical topolog-
ical transition featuring a gap closure at the quantum critical
point. According to the Kibble-Zurek mechanism [20, 21] this
introduces a diverging time-scale preventing the realization of
the topological target state with an external field of finite du-
ration TP [46, 47]. In fact, topological defects are produced
around the Γ-point (gap-closure point) for any TP < ∞ [22–
27]. One can easily show that for odd dipoles Dk the den-
sity nck=0(t) = 0 at every time (in the topological phase
nck=0 = 1). In Fig. 5 we show the results of a mean-field real-
time simulation for a laser pulse with TP = 200, ΩP = 0.06
and ωP = 0.95. As expected, the conduction density (panel
a) and the amplitude of the averaged order parameter (panel
b) are larger than in the previous case, see Fig. 4. Of more
importance is that they both attain a steady-state value af-
ter the pulse (t > TP ) and that (with high numerical accu-
racy) the entire order parameter oscillates monochromatically
as ∆k(t) = ∆ssk e
iδµsst with δµss = 1.04 > g . As Fig. 5 c
shows, ∆ssk is indistinguishable from the self-consistent ∆k
of Eq. (2) at δµ = δµss. We conclude that for t > TP the
mean-field hamiltonian has the same form as Eqs. (3,4); hence
the corresponding Floquet hamiltonian has winding number
W = 1. Although the two hamiltonians are identical the
time-dependent state differs from the self-consistent one. This
is shown in Fig. 5 d where a difference between nssck and the
self-consistent nck is clearly visible around k = 0. Such topo-
logical defect, however, does not destroy the topological phase
since the Floquet hamiltonian depends only on ∆k.
To summarize, we have shown the existence of a Floquet
0 50 100 150 200
0
0
0
0
1
0.1
0.4
-0.4
0.1
-0.1
t
<latexit sha1_base64="tNcPqKyK3XcqnQHX8yAvwxmymj4=">AAAB6HicbVDJSgNBEK1xjXGLevQyGARPYcYFPQa8eEzALJAMoadTk7Tp6Rm6a4QQAt69eFD Eq5/kzb+xsxw08UHB470qquqFqRSGPO/bWVldW9/YzG3lt3d29/YLB4d1k2SaY40nMtHNkBmUQmGNBElsphpZHEpshIPbid94RG1Eou5pmGIQs54SkeCMrFSlTqHolbwp3GXiz0kR5qh0Cl/tbsKzGBVxyYxp+V5KwYhpElziON/ODKaMD1gPW5YqFqMJRtNDx+6pVbpulGhbityp+ntixGJjhnFoO2NGfbPoTcT/vFZG0U0wEir NCBWfLYoy6VLiTr52u0IjJzm0hHEt7K0u7zPNONls8jYEf/HlZVI/L/kXpavqZbFcfZrFkYNjOIEz8OEaynAHFagBB4RneIU358F5cd6dj1nrijOP8Aj+wPn8AQz/jY4=</latexit>
k
<latexit sha1_base64="doiDc5VgLPQfNyTuNEa49bTwSXw=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe40omXAxjIB8wHJEfY2c8mavb1jd08IR8DexkI RW3+Snf/GzUehiQ8GHu/NMDMvSATXxnW/ndza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/Vbj6g0j+W9GSfoR3QgecgZNVaqj3rFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasIbP+M ySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7l+WreqVUrT/N48jDCZzCOXhwDVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwD/TI2F</latexit>
0 ⇡
<latexit sha1_base64="QspgP8DdRHX9H/Zg2Z0xLFECxak=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqRI8BLx4TNA9IljA7mU2GzM4uM71CWAL+gBcPinj1i7z5N04eB00saCiquunuChIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqtx65NiJWDzhOuB/RgRKhYBStd N9NRK9YcsvuDGSVeAtSggVqveJXtx+zNOIKmaTGdDw3QT+jGgWTfFLopoYnlI3ogHcsVTTixs9mp07ImVX6JIy1LYVkpv6eyGhkzDgKbGdEcWiWvan4n9dJMbzxM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdgQvOWXV0nzouxdlq/qlVK1/jSPIw8ncArn4ME1VOEOatAABgN4hld4c6Tz4rw7H/PWnLOI8Bj+wPn8AXyEjmM=</latexit>
 ⇡
<latexit sha1_base64="F+VgaU5/GaZSjW7ty1JuYtVaSFQ=">AAAB63icbVDJSgNBEK1xjXGLevTSGAQvhhkX9Bjw4jEBs0AyhJ5OT9Kkl6G7RwhDwC/w4kE Rr/6QN//GniQHTXxQ8Hiviqp6UcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3eV+65Fqw5R8sOOEhgIPJIsZwTaXzrsJ65XKfsWfAi2TYE7KMEetV/rq9hVJBZWWcGxMJ/ATG2ZYW0Y4nRS7qaEJJiM8oB1HJRbUhNn01gk6dUofxUq7khZN1d8TGRbGjEXkOgW2Q7Po5eJ/Xie18W2 YMZmklkoyWxSnHFmF8sdRn2lKLB87golm7lZEhlhjYl08RRdCsPjyMmleVILLynX9qlytP83iKMAxnMAZBHADVbiHGjSAwBCe4RXePOG9eO/ex6x1xZtHeAR/4H3+AOYnjpo=</latexit>
Re[ ]
<latexit sha1_base64="d8YbpzWpx24BWyyhWflR39xRaF8=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQ+0GVBF66kin1AEspketMOnTyYmQgh1F9x40I Rt36IO//GSZuFVg8MHM65l3vm+AlnUlnWl1FZWl5ZXauu1zY2t7Z3zN29roxTQaFDYx6Lvk8kcBZBRzHFoZ8IIKHPoedPLgu/9wBCsji6V1kCXkhGEQsYJUpLA7PuhkSNRZjfwdRxr4Ar4g3MhtW0ZsB/iV2SBirRHpif7jCmaQiRopxI6dhWorycCMUoh2nNTSUkhE7ICBxNIxKC9PJZ+Ck+1MoQB7HQL1J4pv7cyEkoZRb6erK IKhe9QvzPc1IVXHg5i5JUQUTnh4KUYxXjogk8ZAKo4pkmhAqms2I6JoJQpfuq6RLsxS//Jd3jpn3SPLs9bbRuyjqqaB8doCNko3PUQteojTqIogw9oRf0ajwaz8ab8T4frRjlTh39gvHxDQcAlQ4=</latexit>
nc
<latexit sha1_base64="f8+eKSwNc8yfK5vCNXOh5tZWFhc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0n8QI8FL56kgrGFNpTNdtIu3WzC7kYoob/Biwd FvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWSKYY+S0Si2iHVKLhE33AjsJ0qpHEosBWObqZ+6wmV5ol8MOMUg5gOJI84o8ZKvuzlbNKr1ty6OwNZJl5BalCg2at+dfsJy2KUhgmqdcdzUxPkVBnOBE4q3UxjStmIDrBjqaQx6iCfHTshJ1bpkyhRtqQhM/X3RE5jrcdxaDtjaoZ60ZuK/3mdzET XQc5lmhmUbL4oygQxCZl+TvpcITNibAllittbCRtSRZmx+VRsCN7iy8vk8azundcv7y9qjbsijjIcwTGcggdX0IBbaIIPDDg8wyu8OdJ5cd6dj3lrySlmDuEPnM8fEt+O5w==</latexit>(a)
(b)
(c)
(d)
!P = 0.95
<latexit sha1_base64="h+ERi2BOBhGhBdTGk9+xIwMsgVI=">AAAB9HicbVDLSgMxFL3js9ZX1WU3wSK4GmaUoi6EgiAuW7APaIeSSdM2NJkZk0yhDAXBj3D jQhG34re4c+HW7zCdutDWA5d7OOdecnP8iDOlHefDWlhcWl5Zzaxl1zc2t7ZzO7s1FcaS0CoJeSgbPlaUs4BWNdOcNiJJsfA5rfuDi4lfH1KpWBhc61FEPYF7AesygrWRvFYoaA+3y+eOfVZs5wqO7aRA88T9IYVS/qsi3j7vyu3ce6sTkljQQBOOlWq6TqS9BEvNCKfjbCtWNMJkgHu0aWiABVVekh49RgdG6aBuKE0FGqXq740 EC6VGwjeTAuu+mvUm4n9eM9bdUy9hQRRrGpDpQ92YIx2iSQKowyQlmo8MwUQycysifSwx0SanrAnBnf3yPKkd2e6xXayYNC5vIUUG8rAPh+DCCZTgCspQBQI3cA+P8GQNrQfr2XqZji5Y0w578AfW6zfgxZWv</latexit>
⌦P = 0.06
<latexit sha1_base64="F1FkZYGHwPxqzl7zmgVA4cIv82k=">AAAB9HicbVDLSgMxFL1TX7W+qi67CRbBVZlRfGyEgiDubME+oB1KJs20ocnMmGQKZSgIfoQ bF4q4Fb/FnQu3fofp1IVWD1zu4Zwbcu/xIs6Utu13KzM3v7C4lF3OrayurW/kN7fqKowloTUS8lA2PawoZwGtaaY5bUaSYuFx2vAGZxO/MaRSsTC40qOIugL3AuYzgrWR3PaloD3cqZzaJfuoky+algL9Jc43KZYLn1Xx+nFb6eTf2t2QxIIGmnCsVMuxI+0mWGpGOB3n2rGiESYD3KMtQwMsqHKTdOkx2jVKF/mhNBVolKo/XyR YKDUSnpkUWPfVrDcR//NasfZP3IQFUaxpQKYf+TFHOkSTBFCXSUo0HxmCiWRmV0T6WGKiTU45E4Ize/JfUt8vOQelw6pJ4/wGUmShADuwBw4cQxkuoAI1IHANd/AAj9bQureerOfpaMaadtiGX7BevgCivJWH</latexit>
 k
<latexit sha1_base64="CQsJSVbHxjhvAGA+eyEI678Ihj4=">AAAB8XicbVDLSgNBEJyNrxhfUY9elgTBU9hVRI8RPXiSCOaByRJmJ73JkNnZZaZXCEs+wZu XHBTx6t94Ez/CX3DyOGhiQUNR1U13lx8LrtFxPq3M0vLK6lp2PbexubW9k9/dq+koUQyqLBKRavhUg+ASqshRQCNWQENfQN3vX479+gMozSN5h4MYvJB2JQ84o2ik+9YVCKTttD9s54tOyZnAXiTujBTLhdHj90X/q9LOf7Q6EUtCkMgE1brpOjF6KVXImYBhrpVoiCnr0y40DZU0BO2lk4uH9qFROnYQKVMS7Yn6eyKlodaD0De dIcWenvfG4n9eM8Hg3Eu5jBMEyaaLgkTYGNnj9+0OV8BQDAyhTHFzq816VFGGJqScCcGdf3mR1I5L7knp9NakcUOmyJIDUiBHxCVnpEyuSYVUCSOSPJFn8mJpa2S9Wm/T1ow1m9knf2C9/wAL4pTz</latexit>
nck
<latexit sha1_base64="ssLUqkjmcaJJCEieQrApinWu0dU=">AAAB7XicbVDLSgNBEOyNrxhfUY9ehgTBU9hVRI8RL54kgnlAsoTZyWwy7uzMMjMrhCWfIHj xEBGv/o838SP8BSeJB00saCiquunuChLOtHHdDye3tLyyupZfL2xsbm3vFHf3GlqmitA6kVyqVoA15UzQumGG01aiKI4DTptBdDnxm/dUaSbFrRkm1I9xX7CQEWys1BDdjESjbrHsVtwp0CLxfki5Who/fF1En7Vu8b3TkySNqTCEY63bnpsYP8PKMMLpqNBJNU0wiXCfti0VOKbaz6bXjtChVXoolMqWMGiq/p7IcKz1MA5sZ4z NQM97E/E/r52a8NzPmEhSQwWZLQpTjoxEk9dRjylKDB9agoli9lZEBlhhYmxABRuCN//yImkcV7yTyumNTeMaZsjDAZTgCDw4gypcQQ3qQOAOHmEMz450npwX53XWmnN+ZvbhD5y3bzf0k1Y=</latexit>
 ssk
<latexit sha1_base64="Fssmf2vlg/SxRgFFT7uJv2bdhl4=">AAACAXicbVDLSsNAFL2pr1pf8bFQ3ASL4KokiuiyYBeupIJ9QBPDZDpph04ezEyEEuLGX3H jQhG3/oU7136FOydtF9p64MLhnHu59x4vZlRI0/zUCnPzC4tLxeXSyura+oa+udUUUcIxaeCIRbztIUEYDUlDUslIO+YEBR4jLW9wkfutO8IFjcIbOYyJE6BeSH2KkVSSq+/aNcIkctNBdpvaAZJ9HqRCZJmrl82KOYIxS6wJKVcrtb0v2Pmuu/qH3Y1wEpBQYoaE6FhmLJ0UcUkxI1nJTgSJER6gHukoGqKACCcdfZAZh0rpGn7 EVYXSGKm/J1IUCDEMPNWZ3yimvVz8z+sk0j93UhrGiSQhHi/yE2bIyMjjMLqUEyzZUBGEOVW3GriPOMJShVZSIVjTL8+S5nHFOqmcXqs0rmCMIuzDARyBBWdQhUuoQwMw3MMjPMOL9qA9aa/a27i1oE1mtuEPtPcfdWuahg==</latexit>
nssck
<latexit sha1_base64="kEKPhnnACkLijnZIuvmJsObhYnw=">AAAB/XicbVDLSsNAFL3xWesrajfiJlgEVyVRRJcFXbiSCvYBbQyT6aQdOpmEmYlQQ/BX3Lh QxK3/4c61X+HOSduFth4YOJxzL/fM8WNGpbLtT2NufmFxabmwUlxdW9/YNLe2GzJKBCZ1HLFItHwkCaOc1BVVjLRiQVDoM9L0B+e537wjQtKI36hhTNwQ9TgNKEZKS55Z4l6KB9lt2gmR6oswlTLLPLNsV+wRrFniTEi5WrnY/YLSd80zPzrdCCch4QozJGXbsWPlpkgoihnJip1EkhjhAeqRtqYchUS66Sh9Zh1opWsFkdCPK2u k/t5IUSjlMPT1ZJ5RTnu5+J/XTlRw5qaUx4kiHI8PBQmzVGTlVVhdKghWbKgJwoLqrBbuI4Gw0oUVdQnO9JdnSeOo4hxXTq51G1cwRgH2YB8OwYFTqMIl1KAOGO7hEZ7hxXgwnoxX4208OmdMdnbgD4z3H4wrmOk=</latexit>
FIG. 5: Same as in Fig. 4 but with laser parameters ΩP = 0.06,
ωP = 0.95 and TP = 200. For the self-consistent solution of Eq. (2)
we have used δµ = 1.04.
topological phase in nondriven nonequilibrium matter and
how to steer a nontopological BI toward this phase with laser
pulses of finite duration. The nontrivial topology emerges
exclusively from the electron-hole Coulomb attraction and it
leaves unique fingerprints in the ARPES spectra. Our dis-
cussion is based on a paradigmatic 1D model, but the results
are general and can easily be extended to 2D systems. In
this case the px + ipy symmetry of the EC order parameter
can be exploited to generate a nonvanishing Chern number
1
4pi
∫
d2k ~n · (∂kx~n × ∂ky~n) that, again, counts the Majorana
edge modes. Materials with optically bright p-excitons for
realizing the topological p-wave NEQ-EI phase may include
semiconducting nanotubes [48, 49], biased graphene bilay-
ers [50], and low-dimensional compounds with strong spin-
orbit coupling [51]. An s-wave NEQ-EI phase has been re-
cently observed in bulk GaAs [52]: the way to light-induced
topological phases of NEQ-EI has therefore been opened.
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